One climate related phenomenon could affect many more. The direct costs associated to climate related factors pass to a number of other climate related costs through the indirect economic consequences of climate change. In this paper we propose a mathematical model which aims to provide forecasts of the distribution of the costs caused by the synergistic mechanism of environmental effects. The model is created to be directly applied to situations where the primary costs associated to climate related factors can be specified. It is expressed in matrix terms and is programmed using Mathematica's matrix functions. We provide the framework for efficient computation of this model, covering possible linear and nonlinear functions of the impact mechanism for costs and, infinite direct cost scenarios. Some directions for the quantitative estimation of impact indicators and adaptation potentials of the costs incurred by certain climate related factors are included, in order to apply the proposed model using real socioeconomic data.
Introduction
Societies depend entirely on ecosystems and the associated offered services like, among others, water and food provisions, operating in global biogeochemical cycling, raw materials and regulation of the climate (Dixon 1986; Barbier 1994; MEA 2005) . The global climate change is a very complex issue and it is even more difficult to tackle and cope with due to its long-run character and the various synergistic effects stemming from its impacts.
The synergistic impact mechanism of environmental effects produces the «colliding steel spheres effect», meaning that one climate related phenomenon could affect many more.
In many environmental studies it is claimed that parallel interactions among climate effects is a possible situation (IPCC, 2001; 2012 a,b; Fűr and Csete, 2010; Mantyka-Pringle et al., 2012; European Commission SWD, 2013) . In the report published by IPCC (2001) climate change impacts are presented and analyzed on a matrix of potential for interactions and synergistic effects.
In the present study we generate visual schemes of the direct synergistic effects between climate related factors in several human settlement and industry types. Considering the primary costs caused by climate related factors, we assume that the synergistic impact mechanism among certain climate related factors allows for a similar synergistic impact mechanism of the corresponding primary costs.
1 With notations and operations of matrix algebra, using either a technical coefficient or a functional matrix to illustrate climate related cost interactions and synergistic effects, we formulate a local scale model that forecasts the cost distribution which the direct synergistic mechanism causes from the direct costs of certain climate related factors.
We create the computational framework to apply the proposed model in a qualitative and a quantitative approach. For this purpose a main computer algebra system, Mathematica The structure of the paper is the following. The next section discusses the visualization of the interactions first in the case of different settlement types and next to industry types.
Section 3 proposes a linear and nonlinear cost analysis with different climate change scenarios and derives indicative estimates of the potential costs. Section 4 provides some insights in terms of performing an empirical application of the proposed model formulation while the last section concludes the paper.
Visualizing the interactions among climate related factors

The case of settlement types
Humans depend on the ecosystems and they are part of the ecosystems they live on (Wilson 2002; Puglise & Kelty 2007) . Obviously a healthy ecosystem has the ability to sustain healthy human populations (Rapport et al. 1998) . Most of the population in Earth lives in settlements in a way that their concentrations may result to vulnerabilities to local specific events. Vulnerability refers to the way a system reacts to the degradation imposed from its exposure to various risks. The higher weather variability and the more extreme events may also affect the energy sector by increased demand for air-conditioning and reduced demand for space heating. This may be accompanied by the concern of electricity producers related to the reliability of their systems to cope with these changeable weather conditions (Kolstad and Toman, 2005) .
Similarly, water infrastructure will be at risk with changes in precipitation to question the ability of the current infrastructure of dams and reservoirs (Kolstad and Toman, 2005) . Similarly, riverine and coastal settlements may be affected mostly by flooding from the rise of the sea level while steeplands may become more vulnerable than landslides. Finally, resource dependent settlements depend on the availability of natural resources in an area (region) and on the extent that they are vulnerable to climate changes. Examples may be considered hunting and artisanal fishing communities (IPCC, 2001 ).
In the screenshots produced, white cells make the junction of two unrelated factors.
Each colored cell illustrates an interaction between two environmental effects. In our computational approach, infinite matrices of synergistic effects can be constructed, but the tendencies or patterns of interactions observed in the systems are preserved. 
Cost Analysis with Climate Change scenarios
Our model for the types of settlements uses economic or social costs as systems'
metrics. An analogous study for the types of industries could constitute a Cost-Benefit Analysis (CBA). In some cases the synergistic effects could act in a beneficial way.
In the proposed predictive model we attempt to forecast the redistribution of the direct costs associated to the five climate related factors mentioned in section 2, using matrix formulations (analogous models in Environmental Economics have been proposed by 
Linear Interactions of climate related costs
The entries of the matrix of synergistic cost effects are indicators appropriate to evaluate cost interactions. Each indicator defines the measure of the impact between different costs. The matrix entries form the patterns presented in Figure 2 , depending on the type of settlement. When linear interactions among costs of environmental effects could constitute a realistic case, multiple regression coefficients 5 could be efficient estimators of impact indicators. Indicators' exact values vary regionally, depending on the geographic, seasonal and/or sectoral scale. Indicators are of dynamic nature and are specific to the settlement and industry type.
5 These are estimates of the population parameters in a regression analysis. For each explanatory variable there is an estimated coefficient and these coefficients are used to estimate the fitted value of the dependent variable. In the case of multiple regressions, the estimated coefficients indicate the change in the mean response per unit change in the one of the independent variables holding all other independent variables constant (Halkos, 2011) .
Given the primary costs associated to one or more climate related effects, we propose a model to evaluate the costs that are generated by the synergistic impact mechanism. Our model is formulated in the matrix algebra context as follows: 
where the row matrix ( ) row matrix produced, presents the cost distribution created by the synergistic impact mechanism.
Cost scenarios for the types of settlements: changing distributions and costs
In the hypothetical case studies that follow, we use sample data from Mathematica's random number generator to create matrices with indicators of impact for each one of the three types of settlements: urban, riverine-coastal-steeplands and resource dependent. In all hypothetical case studies examined, we assume negative impacts on economic growth (positive regression coefficients), although impacts on some areas are likely to be positive.
6
In model (1), the direct cost distribution of climate related factors is defined in the row matrix ( )
. In Mathematica's computing environment, the product of the matrix of direct costs with the matrix of synergistic cost effects is depicted in a discrete array of squares. Thus, we have a visual representation of the structure of the re-distribution of 6 As global warming is mainly a long-run problem its implications are difficult if not impossible to be quantified. Human systems can adapt to climate changes in the long-run. If an area is flooded after climate change occurs migration may take place together with some form of relocation according to the new conditions which after many decades or centuries may lead to full adaptation. Thus the quantification of the consequences of this flooding is ambitious and the costs enormous. For an example see Kolstad and Toman (2005, p. 1566) .
costs of the five climate-related factors numbered from 1 to 5 (Figures 5-9 ). White squares indicate the absence of cost while grey-shaded squares indicate costs with nonnegative values.
For example, the row matrix (0, 500, 1000, 10000) is depicted by ArrayPlot function in Mathematica as shown in Figure 4 . In the first hypothetical case study, we assume direct costs incurring due to factor 2 (flooding-landslides-fires) and 3 (air and water pollution) (the row matrix (0,500,1000,0,0,0) could feature such a case). In urban settlements, these two costs pass to all the other factor costs ( Figure 5 ), while in resource dependent settlements, the final distribution of costs does not include factor 1 (migration) cost ( Figure 6 ). By varying the values of x, we achieve the application of model (1) for infinite matrices of synergistic effects. In all cases we end up with the same matrix structure. In another hypothetical case study, we assume a situation where a cost associated to factor 5 (energy, water, other resources) incurs in riverine coastal steeplands. Our model predicts that, after the action of the synergistic impact mechanism, the final cost distribution includes costs for factors 1, 2 and 3. All the other costs are extinguished. The position of the structural matrix elements is guaranteed, when varying index x in the interval of its possible values we continue to have the same visual scheme. 
Potential for a Quantitative Study with Cost Scenarios
Our computer codes aim to derive indicative estimates of the potential costs, assuming any possible direct cost scenario. The direct cost scenario is defined using sliding bars that assign values to each cost from a predefined interval (e.g. [0, 10000] ). In Figures 11 and 12, we examine how similar direct cost distributions end-up differently in urban and resource dependent settlements, due to the synergistic impact mechanisms. In the output produced the user has also the option to perform sensitivity analysis: moving the sliding bars, the primary cost distribution is perturbed and one can observe the variations of the costs computed in the list on the right part of the window.
Figure 11:
In urban settlements, costs in migration and flooding pass to all categories of costs. 
Nonlinear Interactions of climate related costs
In the case when climate related costs interact with each other in a nonlinear fashion, the matrix of synergistic cost effects should contain cells with mathematical functions. That is 55  54  53  52  51   45  44  43  42  41   35  34  33  32  31 irrelevant) using econometric tests like Granger causality test. The methodology to estimate the entries in the matrices of synergistic effects of section 3 is related to statistical methodologies available for the investigation and estimation of cost interactions like correlation or regression analyses. 9 Empirical applications of the proposed model formulations demand data for appropriate estimates of the primary costs of the five climate related factors under investigation. In the case of Greece and using the settlement and industry types mentioned so far, various databases can be used. Some indicative preliminary guidance (depending on data availability in regional or local level) follows. Specifically: individuals, available by the Hellenic Statistical Authority (http://www.statistics.gr). As Ebi et al. (2006) and Mills (2009) claim these three groups are usually the most sensitive and at the highest risk in terms of health outcomes due to climate conditions as they are quite sensitive to food-and water-borne diseases, present limited capacity to adapt to extreme temperatures and have less ability to cope properly with behavioral changes when they face these extreme temperatures and extreme weather conditions. 5. In the case of access to energy, clean water and other resources we may limit for simplicity to energy costs, which can be approximated by multiplying annual energy use (kt of oil equivalent) (source: http://data.worldbank.org) with oil prices of the relevant year (source:
http://ec.europa.eu/energy/observatory/oil/prices_en.htm)
Conclusions
Climate related costs are linked through interactions estimated by appropriate impact indicators. Our contribution provides constructs of the matrix with these impact indicators, aiming to represent its structure and trying to define its entries. In a second step, we make matrix economic system models for human settlements and types of industries, to evaluate the costs related to the synergistic environmental effects.
Our proposed models could help decision makers to obtain either the synthesis or the numerical estimate of cost distribution variable vector. To illustrate the results, we build interactive applications in Mathematica; we provide instant creation of dynamic interfaces that allow varying parameters and gaining useful insights from datasets. Our computational approach provides a parameter setting for the existence of costs, the amount of costs and the impact indicators of costs. Varying parameters' values, each case study concerning human settlements or industries is examined in a stochastic fashion. The variety and the clarity of the computer output are the models' advantages.
